The present report, which is the final report on this project, describes the results of these tests which were performed on material drawn from two sources:
Plate S-I (0.4 in. material) As will be seen from the tables, plate S-I and plates S-li and -III were drawn from different heats, although both heats were of electroslag remelted grade 4340. The tables also detail certain aspects of the mechanical processing of the plates.
II. SPECIMEN FABRICATION
All specimen fabrication and heat treatment, etc. were to be carried out by the investigating team or by organizations under their direction. No difficulties in machining the as-received mill-annealed 4340 plates were encountered and no problems materialized during heat treatment.
Prior to receiving the plates, a thorough investigation was performed with respect to fabricating and testing AISI 4340 steel DLT bars. Materials from previous ESR 4340 heats, in the form of Charpy bars from 3 x 3, 5 x 5, and 7 x 7 inch forgings were furnished by AMMRC, together with details of the mechanical properties involved. DLT specimens ( Fig. 1) were cut from the above Charpy bars and a study made of (a) grinding and slotting techniques (b) testing ramifications.
The DLT specimen blanks were marked on their ends with a carbide tipped scriber, assuring proper identification of number and orientation. Simultaneous surface grinding of six (6) blanks was undertaken to insure reproducible flatness and parallelism of surfaces, a 10 inch diameter, 60 grit alumina vitreous bonded wheels being employed on a surface grinder at approximately 1750 rpm. All surfaces were ground to about 0.001 inch oversize, at which point specimens were ground individually to size. Ends of the specimens were cut using a 6 inch diameter 0.015 thick rubber bonded alumina abrasive disc.
Examination on a toolmaker's microscope indicated parallelism of sides within 0-25 p in. and squareness of sides and ends between 0 and 0.007 and 0 and 0.0002 degrees respectively. The surface roughness was better than 25 -0 in.
Flatness was seen to be = 187 V in. These latter two measurements were made utilizing a Proficorder (T) device.
The slotting of the DLT specimens represents a very critical operation.
Consequently, a series of dummy slots were prepared utilizing the Charpy bar material referred to above. Previous experience in producing DLT bar slots had employed both high speed steel saws and abrasive discs. Clearly, with the current hardness levels abrasive wheel, EDM or ECM type techniques would appear necessary.
Preliminary tests were undertaken by slotting the above bar using the AL 2 0 3 rubber bonded 0.015 inch thick wheel with heavy constraining flanges.
Slots were produced as follows: Tests upon an unslotted Charpy bar section indicated a range of values between 49.8 and 54.1"RC.
From the above tests it was deemed that the structure of the ligament was not significantly damaged upon slotting. All subsequent bars were produced in this manner.
Fabrication of the DT and CT specimens and of the tensile bars from heat treated material followed normally accepted procedures which are well established. It should be noted the slotting, grooving and notching of the DT and CT specimens, although less critical than parallel operations on the small DLT bars, were conducted with utmost care to ensure that no grinding damage occurred.
Ill. PRELIMINARY TESTING
Certain preliminary tests were undertaken with the DLT and miniature DT specimens, since the applications of these techniques to a high hardness material represented a new departure.
The results of DL tests on specimens cut from broken Charpy bars drawn from previous heats of ESR 4340 and supplied to GIT by AIMRC indicated that specimen rotation within the clamping arrangement [1] might be a problem in testing. Consequently, all DLT bars fabricated from S-I, II and III were cut to a 1.00 inch length as opposed to the 0.75 in. length used previously (Fig. I) .
Clamping bolts of a high strength steel were also utilized in the rig, along with 4 redesigned and specially fabricated clamps hardened to a level slightly above that of the specimens involved.
Turning to the preliminary tests with the miniature DT specimens, several methods were examined for pre-cracking [2] the specimens concerned. The most convenient technique was considered to be that of initiating a pre-crack by fatigue (as in CT testing) rather than by simple bending [2] . All subsequent DT tests had their initial pre-cracks formed this way, although K values are reported for both fatigue pre-cracking and non-fatigue pre-cracking. In the latter case KQ values were obtained by re-initiating an established crack which itself had been initiated by fatigue. Subsequently, the crack was again stopped and re-sharpened by fatiguing. In this way sequences of fatigue--non-fatigue initiated cracks could be propagated and the associated KQ values reported on separately [2] . All subsequent DT tests both full scale and miniature were conducted in this fashion.
IV. SPECIMEN LOCATION
The small size of the DLT specimen permits location of the specimen at different depths below the surface of material of the thicknesses currently The orientation codes utilized above correspond to those described in the ASME paper referred to previously [1] (Fig. 2) .
The location of DT and CT tests followed a similar course; where possible 
VI. DISCUSSION AND CONCLUSIONS
Careful scrutiny of the summary tables describing both DLT and tensile bar data on one hand (Tables VII, VIII , and XV) and fracture toughness data on the other (Tables XI A and B, XII Referrring to the DLT data this would appear to be substantiated on comparing the sumary data (Table VII) with the ranges which may be seen in Tables IV to
VI.
Regarding differences existing between center and surface properties, Processing 0 20 inch diameter ingot forged to 9 inch diameter cross section, machined to 8 inch diameter by 16 inch * Soaked at 2350 F, upset to 10 inch long and forged to 8 x 7 inches.
Step forged (S-Ill = 1.9 inch step) 0 Annealed 1600 F--8 hrs., FC to 1200 F over 12 hrs. followed by AC to ambient I; < C~~M. (ii) Results are for single tests. Average of so many observations. 
